. Introduction GAMMA 10, planned by Plasma Research Center, i s an axisymmetrized tandem m i r r o r f u s i o n experimental device which i s provided with axisymmetric thermal b a r r i e r s and end plugs i n order t o v e r i f y t h e o r e t i c a l background of t h e thermal b a r r i e r , and t o suppress t h e d i f f u s i o n l o s s i n r a d i a l d i r e c t i o n due t o t h e f i e l d asymmetry/l/.
The GAMMA 10 device, manufactured by Toshiba Corporation, c o n s i s t s of vacuum v e s s e l , magnet system and a s s o c i a t e d support s t r u c t u r e s a s well a s a d d i t i o n a l h e a t i n g systems such a s n e u t r a l beam h e a t i n g and r a d i o frequency h e a t i n g S stems. The vacuum v e s s e l and the magnet system were completed i n March, 1982131, and t h e h e a t i n g systems were completed i n March, 1983. The overview of G A M M A 10 i s shown i n F i g . 1 . This device i s 27.1 m i n l e n g t h , and weighs 180 t o n . The GAMMA 10 device i s expected t o confine a plasma with temperature of 1 keV and d e n s i t y of 1 X 10l~cm-~. As shown i n Fig. 2 , t h e magnet system c o n s i s t s of 6 meter-long solenoid magnet, anchor and r e c i r c u l a r i z i n g c o i l s and axisymmetric p l u g l b a r r i e r c o i l s . Magnet a rrangement was determined, t a k i n g account of s e v e r a l key f a c t o r s such a s r e c i r c u l a r - 2. Magnet design and magnetic field analysis As for GAMMA 10 magnet design, it is necessary to determine coil shapes and arrangement, providing optimized field configuration, and to reduce the error fields to less than 0.2%. Error field evaluation includes effects of several factors such as coil displacements due to electromagnetic forces, pancake to pancake transition conductors as well as feeders. In particular, the coil displacements due to the electromagnetic forces are key factors to design supporting structures, and it must be fully studied. Analytical result on a base case is shown in Fig. 2 . Electromagnetic forces were evaluated for all operation patterns, Configuration of anchor and recircularizing coils is very complicated in particular, and is likely to get affected by electromagnetic forces. In the following electromagnetic forces acting on these coils and associated error field caused by coil displacement are analyzed.
Coil deformation and error field
The relative error field 6B is defined as
On the machine center axis, B I = 0 because of symmetry, and hence, 6B = 0 . This means the error field will be generated by asymmetric coil deformation. Each coil is supported on the common base plate, and the electromagnetic force tends to deform the coil, deteriorating the coil symmetry. An error field caused by 1 mm upward coil deformation is 0 . 1 2 % at most.
Electromagnetic forces
For anchor and Recircularizing coils,the maximum excitation for all coils is the most severe case from the standpoint of electromagnetic forces. Electromagnetic force distribution acting on the Anchor Baseball coil is shown in Fig. 3 . On the Anchor Baseball coil, a widening force of 179 tons acts in X direction, and on the race-track coil, a widening force of 305.6 tons acts in X direction. Since the race-track coil is located in the open space of the Anchor Baseball coil, the race-track c o i l i s supported by the Anchor Baseball c o i l . Therefore, a r e s u l t a n t widening f o r c e of 484.6 tons a c t s on the Anchor Baseball c o i l . Electromagnetic forces a l s o a c t s i n p u l l i n g and repulsive ways among c o i l s . The GAMMA 10 magnetic f i e l d system c o n s i s t s of f i v e mirror f i e l d configurations. Pulling f o r c e s a t among c o i l s inside each mirror region, and a l s o among mirror regions. However, t h e former i s f a r g r e a t e r than the l a t t e r . Therefore, supporting s t r u c t u r e f o r each c o i l block can be designed almost independently, and only the Anchor and Recirc u l a r i z i n g c o i l s were modeled independently from t h e o t h e r s t o perform s t r u c t u r a l a n a l y s i s .
3 . S t r u c t u r a l a n a l y s i s
Structure
The s t r u c t u r e of the Min.-B and t r a n s i t i o n f i e l d c o i l system i s shown i n Fig.4 
tending t o push the race-track c o i l s o u t of t h e opening spaces i s supported by the Recircularizing c o i l frame. The Anchor Baseball c o i l and two Recircularizing c o i l s a r e independently fastened on the common base. The o v e r a l l magnet support s t r u c t u r e was designed i n such a way t o accommodate the abovementioned electromagnetic f o r c e s and a c c e s s i b i l i t y f o r the heating and diagnostic f a c i l i t i e s .

Analytical method and modeling
The c o i l s t r u c t u r e a n a l y s i s was c a r r i e d out with a quarter model shown i n Fig. 5 , using t h e NASTRAN t h r e e dimensional FEM code, and considering symmetry of the c o i l s t r u c t u r e and electromagnetic f o r c e . For modeling t h e c o i l s t r u c t u r e , s o l i d elements were used, and t h e cross-sections of t h e c o i l were divided i n t o 9 (=3x3) subsections. Ground i n s u l a t i o n and the support s t r u c t u r e were modeled by s h e l l elements, stud b o l t s by bar elements, and spacers between supports were modeled by s o l i d elements. Meshes of elements f o r the support s t r u c t u r e s a r e shown i n Fig. 5 . Total number of elements used f o r the s t r u c t u r a l a n a l y s i s was
2978.
. Results of c a l c u l a t i o n
Calculation r e s u l t s have revealed t h a t displacements of the Anchor and Recirc u l a r i z i n g c o i l s a r e both 0.5 m a t most i n X d i r e c t i o n , and t h a t mechanical s t r e s s e s appearing i n these c o i l s and the support s t r u c t u r e a r e below permissible values f o r t h e m a t e r i a l s . The displacements of the Anchor Baseball c o i l and t h e associated s t r u c t u r e opening a r e almost uniform i n Y d i r e c t i o n , and t h i s deformat i o n i s mainly caused by elongation of studs and b o l t s which connect upper and lower p a r t s of t h e c o i l . In order t o suppress t h e deformation, t h e studs and the b o l t s were reinforced f o r the f i n a l design based on t h e c a l c u l a t i o n r e s u l t s .
.
Fabrication of magnet Two new method were adopted i n magnet f a b r i c a t i o n . One i s current pre-heating pressure welding of t h e hollow conductor, which was developed t o improve the rel i a b i l i t y of t h e c o i l . The other was a newly developed two-axis winder t h a t was used f o r winding the baseball c o i l . P a r t i c u l a r l y f o r t h e Anchor Baseball c o i l , the conductor was wound d i r e c t l y around the vacuum vessel f2/. By t h i s method, t h e p r e c i s i o n i n i t s r e l a t i v e position t o t h e vacuum vessel was much improved, and a t t h e same time e f f e c t i v e plasma volume was g r e a t l y increased.
Including other c o i l s , much e f f o r t s were a l s o made t o keep t h e dimensional e r r o r and alignment e r r o r below 0.5 mm, so t h a t the e r r o r f i e l d s a r e reduced t o l e s s than 0.2%.
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JOURNAL DE PHYSIQUE 5. T e s t r e s u l t s A f t e r completion of t h e whole system, v a r i o u s k i n d s of t e s t s were c a r r i e d o u t . Measurements of magnetic f i e l d d i s t r i b u t i o n and s t r u c t u r e deformation were c a r r i e d o u t d u r i n g f u l l c u r r e n t o p e r a t i o n . Hall elements were used f o r f i e l d measurement, and t r a n s i t i n s t r u m e n t s and s t r a i n gauges were used f o r deformation measurement. The magnetic f i e l d measurement r e s u l t a l o n g t h e machine a x i s i s shown i n F i g . 2 ( a ) , and measured time v a r i a t i o n of t h e f i e l d a t Z = 3.7 m, i s shown i n F i g . 6 . The f a b r i c a t i o n and alignment e r r o r of t h e magnet system was l e s s than 0.5 mm. The measurements by t r a n s i t i n s t r u m e n t s show t h e displacements of t h e s t r u c t u r e t o b e l e s s t h a n 0.5 mm. ( 2 ) K. Inutake e t a l . , Design, f a b r i c a t i o n and t e s t i n g of tandem m i r r o r GAMMA 10, P r e s e n t e d 12th Symp. on Fusion Technology, J u l i c h , Sept. 1982. 
